The market for new waste-to-energy (WTE) facilities in the United States has been extremely limited because the playing field has become uneven. The industry's traditional playing field has been defmed by economics on one end of the field and public perception on the other. However, a third, nearly impenetrable "red zone" has appeared, defined by government policy inconsistency. Examples include landfill gas being given tax credit status while WTE continues to be excluded; the removal of the moratorium on landfill capacity in Massachusetts while maintaining the moratorium on new WTE capacity; and DOE's support of unproven gasification technologies without parallel support for optimizing long-proven WTE technologies. This record of inconsistency keeps WTE on the back porch of public perception and separated from political acceptance as an important renewable energy strategy. This paper challenges the WTE industry to collectively pursue a more aggressive stance with governments to prove that the playing field has become uneven and to shift public policy, including test program funding, as a means to level the playing field.
INTRODUCTION
Since 1995, a total of 164 new waste-to-energy ("WTE") facilities have been built. Of that number, none have been constructed in the United States. I The reasons for the decline of the market for new WTE facilities in the United States have been well documented. Often referred to as the "uneven playing field", the WTE industry has seen landfill gas projects given tax credit status while WTE projects are excluded; the moratorium on landfill capacity removed in Massachusetts while maintaining the moratorium on new WTE capacity; and government funding of unproven new technologies without parallel support to refme long-proven WTE technologies. This record of regulatory inconsistency and funding favoritism has pushed WTE to the back porch of public perception and has separated the industry from political acceptance as an important renewable energy strategy.
As the result of a long string of setbacks 2 , the WTE industry has, to date, accepted as "conventional wisdom" barriers that should not have become constraints to new project development. Examples include the assumption that WTE facilities must be sited away from cornmercial centers, at the expense of thermal efficiencies offered by co-generation of electricity and district heating/cooling; WTE will always be landfill dependent, consistent with the utopian "reduce-reuse-recycle" mentality that relegates about 70% of our solid waste to landfills 3 ; and WTE emissions will never be able to compete with gasification projects because of certain pollutants, despite the fact that the United States Environmental Protection Agency ("EPA") considers the WTE industry to be a model environmental citizen and minor source of air emissions in the country as a whole. This paper challenges the WTE industry to pursue a more aggressive stance with governments and with the public, to communicate an environmental vision that will excite the public and bring the industry to the forefront of renewable energy status, energy independence, and a significant part of the answer to global warming. If there is going to be a next generation of WTE facilities in the United States, the WTE industry must adapt with new resource recovery technologies that seize the higher environmental ground instead of accepting the conventional wisdom.
Vision Lost
Mahone/ observed that the national policy for solid waste management established in Section 4001 of the Resource Conservation and Recovery Act ("RCRA") in 1976 was based on " ... developing and encouraging methods for the disposal of solid waste which are environmentally sound and which maximize the utilization of valuable resources including energy and materials which are recoverable from solid waste and to encourage resource conservation." (Italics added) Unfortunately, the yardstick used to measure success toward that 56 national policy was wrong. We never followed through on maximizing recovery of all valuable resources in solid waste. Mahoney concludes, "While aiming to raise recycling rates as high as possible, and hoping for large scale waste reductions, the rest of the solid waste was sent, for the most part, to landfi lls. We should have been aiming for 'zero disposal'. Environmental success in solid waste management should be measured by how little we dispose of rather than how high our recycling rates can get." This paper proposes first that there will be a next generation of WTE in the United States only when landfill is treated as a last resort as it is in Europe and is priced accordingly. 5 The vision of zero disposal simply points to the original objective of RCRA national policy that was never implemented properly.
The second axiom of next-generation WTE is an extrapolation of the first. If we believe that zero disposal is a valid vision for the future, why should we not also commit to "zero pollutant emissions"? We have achieved unprecedented improvements in emissions reductions over the past ten years. 6 Why stop there when we may hold the keys to reducing the effects of global warming? Therefore, the challenge presented in this paper is to embrace zero disposal and zero pollutant emissions as the elements of a vision that will return WTE to the forefront of solid waste, energy, and air quality solutions.
Vision Found -Zero Disposal
The foundation for zero disposal was laid by Pat Mahoney and Gordon Sutin in their design of the SEMASS WTE facility, located in Rochester, Massachusetts, in the mid-1980's. The Processed Refuse Fuel technology patented at that time was the first to integrate the benefits of high-effi ciency processed fuel combustion with dry ash handling, which resulted in recovery of large quantities of high-quality ferrous and non-ferrous metals, as well as a marketable bottom ash product called Boiler Aggregate ™ .
Unfortunately, consistent with the experience of other companies committed to ash recycling, beneficial use determinations that would allow productive marketing of the product were disallowed upon the uneven playing field, despite excellent scientific evidence showing its long term stability. In addition, uses for fly ash recycling became even more difficult after the 1994 U.S. Supreme Court decision requiring treatment as hazardous waste. 7 The political implications were too great to allow creative development.
ecolTechnologies, LLC, a subsidiary of EnergyAnswers Corporation, was founded in 1998 to take this challenge to the next level. Our previous research and experience focused on use of WTE ash as an additive to construction materials. We asked what higher-end products might be possible using virtually 100% combined WTE bottom and fl y ash. To date, Copyright © 2004 by ASME we have found at least two approaches that allow us to conclude that zero disposal is a reachable goal.
The first is a solid building block developed in partnership with Global Ecology Corporation using the heat of compression to chemically bind ash constituents virtually as effectively as vitrification. This process promises a lower capital cost and operating cost than any previous strategy and yields products with excellent strength characteristics. In the next two years, we plan to build a structure using ash from one of our facilities in full cooperation with regulatory agencies who will be asked to stipulate tests that would render the product marketable and then certify the results. Initial interest has been expressed by a major humanitarian relief organization that sees the potential for international earthquake disaster recovery assistance, made possible by a solid commitment to zero disposal.
The second product is a patent-pending ceramic material made from 100% combined WTE ash that is as strong as aluminum and just as light. Ironically it is the trace metals in the ash, long condemned as problematic, that make the material unique to WTE ash and provide its surprising mechanical properties. In 2004, we expect to finalize a partnership with a major solar cell manufacturer to demonstrate that this material can be used to dramatically reduce the cost of solar cell manufacturing and thus the cost of solar power worldwide.
A third aspect of zero disposal is solving other waste disposal problems beyond traditional municipal solid waste, while improving financial viability of WTE facilities with new revenue sources. In 2000, ecorrechnologies patented a sludge co-combustion system capable of effectively combusting a municipality's sewage sludge along with its solid waste.
8 This system could become the world's first profitable air pollution control system, because while power plant hosts are paid additional fees to dispose of new types of waste, the proprietary method of sludge injection also results in significant reductions of oxides of nitrogen ("NO;') by 15% or more and small particulate emissions ("PMIO'S") by 20% or more. Further, if lime is mixed with the sludge, it could serve to reduce the cost of or eliminate entirely the need for a flue gas scrubber. Finally, this system can be used to generate energy at virtually zero incremental cost by mixing used oil with the sludge at the proper point in the process. These breakthroughs could result not only in sustainable economics for WTE facilities (and even coal-fued power plants), but also in millions of dollars of avoided wastewater treatment plant sludge dewatering costs at a time when public funds are needed for other important infrastructure projects.
Vision Found -Zero Pollutant Emissions
eco/Technologies' initial vision for zero pollutant emissions rose from our analysis of current carbon dioxide emissions sequestration research. Despite the government's infusion of large amounts of money to study underground or underwater storage of carbon dioxide, we question the viability of this program because of the huge potential risks related to natural disasters such as earthquakes. We were also motivated by an examination of the history of air pollution control since the Clean Air Act of 1970, which suggested that emissions reductions have been achieved by adding one expensive device onto another in a series of parasitic reductions in economic performance. Shouldn't next-generation technology go back and start over, at least asking how air pollution control could be integrated for lower cost?
The result of this process is a revolutionary, patent-pending process based on the simplest of observations: if stack emissions are so bad, why do the trees in a smog-clogged city not drop dead? The answer, of course, is photosynthesis, nature's answer to global warming. We then analyzed WTE flue gas emissions and found that virtually all trace pollutants from solid waste can be condensed at temperatures below about 100 ' F, leaving a cool gas not unlike atmospheric air, except much richer in carbon dioxide. If so, perhaps all the heat rejected from a WTE combustor that is used to loft exhaust gases into the atmosphere for dispersion could be recovered with the objective of cooling the gas for condensation of pollutants 6 • Perhaps further compression could result in volumes suitable for use in a large greenhouse that produces biomass while absorbing carbon dioxide and emitting oxygen. We further hypothesized that, since compression is necessary to allow condensation of trace pollutants, what would happen to photosynthetic activity under higher pressure, for example in a hyperbaric greenhouse?
By 2005, we expect to have these answers. Zero pollutant emissions is not just an abstract concept. Having formulated an exciting vIsion for WTE's ultimate potential, what is the short-term plan for refining existing WTE technology to host future technological achievements? EnergyAnswers Corporation ("EAC") markets two distinct resource recovery technologies. One is a large Processed Refuse Fuel ("PRF") technology employed at the SEMASS facility located in Rochester, Massachusetts.
The next generation design for this technology is called "SEMASS Plus". The second is a small "modular" mass bum technology developed over [25] years ago by Enercon Corporation, a company that is no longer active in the WTE marketplace. EAC owns and operates two facilities which employ this technology, located in Pittsfield, Massachusetts and the Pioneer Valley facility in Agawam, Massachusetts. The next generation design of this small-scale technology is called "Pioneer Plus".
Together, these three facilities have a combined operating track record of 60 years, and EAC has invested a great deal of intel1ectual property in refining these technologies to current standards far beyond the state of the art when they were original1y conceived. The same can be said for a few other companies who also have long, successful operating records. We believe that within the bounds of natural competition, there are certain common goals that would benefit the entire industry.
Regardless of the company or the proprietary technology, next generation units can be designed to accommodate future developments that will achieve zero disposal and zero pol1utant emissions, even if the commercial application of such strategies is a few years into the future. EAC's design goals toward this resource recovery objective include:
• Sophisticated odor control designs to al10w receipt of a wider range of wastes that will enhance revenues Just as solving a wastewater treatment sludge disposal problem led to the potential for profitable air pol1ution control systems, we believe that the visions of zero disposal and zero pol1utant emissions can be integrated into an even more powerful holistic system. EnergyAnswers is currently developing a revolutionary new cycle that could one day become the catalyst for sustainable development, not only in developing countries, but also in the United States. The cycle wil1 be entirely compatible with waste reduction strategies, and would integrate al1 of the concepts presented in this paper -more efficient combustion technologies based on systems with long-term successful operating experience; leading edge ash reuse technologies; and compression and condensation of fl ue gas -along with other existing and new technologies to create a closed cycle of waste streams, waste heat, and flue gas volumes.
After further research and development efforts determine optimum mass balance and thermodynamics, the cycle wil1 be the subject of a future, sequel paper. This new resource recovery approach will undoubtedly chal1enge the status quo and motivate the WTE industry, along with governmental leaders, environmentalists, and the general public, to consider a new future for resource recovery in the United States.
CONCLUSIONS
There can be a next-generation of WTE facilities in the United States and around the world, but it wil1 take a new vision to inspire governments and the public. The vision of zero disposal and zero pollutant emissions can close the cycle of sustainable development and solve many other problems along the way. The WTE industry as a whole can maintain competitive diversity while committing to certain common goals that undergird the larger vision.
